Elodea canadensis were planted and exposed to different concentrations of olive oil and milk industry wastewater in aquariums containing sand. Plants were sampled after 4 weeks exposure to different concentrations of wastewater solutions. The phytotoxic effects were determined by morphological and anatomical experiments, while genotoxic effects were determined by cytological experiments. Three morphological traits; main shoot length, number of lateral shoots and cumulated length of lateral roots were measured, leaf and shoot anatomy were examined. Cytological effects were investigated in root apical meristematic cells by using squashing techniques. Mitotic index and abnormality frequencies in different phases of mitosis and abnormality types were investigated and chlorophyll content in leaves was determined. Most of the morphological traits of E. canadensis were affected by the wastewater samples. Both the olive oil and milk industry wastewater dilutions had cytotoxic effects on mitosis. In conclusion, results indicate that E. canadensis is more sensitive to olive oil wastewater than milk industry wastewater.
INTRODUCTION
Industrial wastewaters often contain considerable amounts of heavy metals. Biosphere pollution by heavy metals has accelerated dramatically during the last few decades as a result of discharge of wastewaters from various industries and urban population. Although, some heavy metals, such as Cu and Zn, have known functions as micronutrients in plants [Sharma, 2006] , they become toxic at high levels [Pandey, 2008] . High accumulation of metals affects both growth and metabolism of plants [Baccaouch et al., 1998 ]. Studies on the non-target aquatic effects of wastewater focused largely on fish and invertebrates despite the ecological importance of aquatic plants. Aquatic plants absorb elements through roots and shoots, therefore they may be used as biomonitors in water quality studies. E. canadensis (Canadian waterweed) is cosmopolitan in distribution. Its ecology has been studied extensively. It is recommended for use in xenobiotic toxicity assays and is suitable for phytotoxicity tests [Simpson, 1984; Roslett et al., 1985 B. Roslett, D. Berge and S.W. Johansen, Mass invasion of Elodea canadenis in a mesotrophic, South Norwegian lake -impact on water quality, Verh. Int. Verain. Limnol. 32 (1985) , pp. 2920-2926. Roslett, 1995] . E. canadensis has been successfully used for pollution monitoring [Kähkönen and Manninen, 1998; Samecka-Cymerman and Kempers, 2003] and was chosen as the experimental material because it produces abundant roots and shoots under normal conditions. The vegetative structure of E.canadensis is comparatively simple, consisting of a series of axillary, branched, terete stems with narrow, sessile and minutely serrate leaves. One root is produced with each stem, and root hairs occur only when the root is in sediment [Simpson, 1986] . Various species show different behaviour regarding the ability to accumulate toxic elements in wastewater. Therefore, it is useful to identify the morphological changes to assess the toxicity level of wastewater samples. Heavy metals when discharged into the aquatic system or agricultural fields pose risk of transfer into the food chain [Kisku et al., 2000; Pandey, 2008] thereby adversely affecting human health [Desi et al., 1998 ]. To evaluate the toxic/genotoxic risks of such complex mixtures, toxicity and genotoxicity tests employing microorganisms, plant cells and mammalian cells have been used alone or in combination with chemical analysis [Smaka-Kincl et al., 1996; Ohe et al., 2003; Zegura et al., 2009] .
Measuring components of basic plant traits, such as growth, survival or reproduction is typically quite simple and repeatable. For example, Biernacki et al. [1996 Biernacki et al. [ , 1997a showed the leaf-to-root surface area ratio in Vallisneria americana, which was a reliable index of environmental quality in aquatic ecosystems. Similarly, patterns of fluctuating asymmetry in plant leaves has been proposed as a useful measure of sub-lethal environmental stresses in wetland and terrestrial systems [Rettig et al., 1997] . Vecchia et al. [2005] reported that Cd modifies the growth of E. canadensis plants, leading to the production of shorter and chlorotic shoots with thinner stems and less expanded leaves. Photosynthesis, an important process of metabolism for plant development, has been well used as a stress indicator. The reduced photosynthetic activity is an effect commonly noticed in plants exposed to heavy metal [Hou et al., 2007; Küpper et al., 2007; Zhang et al., 2008] . Previous studies indicated that heavy metals primarily disturbed the integrity of thylakoid membranes and changed their fatty acid composition [De Vos et al., 1991] , interfered with the biosynthesis of photosynthetic machinery and decreased the net photosynthetic rate [Cook et al., 1997] . Previous studies reported that heavy metals could modify a number of physiological processes and particularly chlorophyll degradation [Ding et al., 2007] .
The accumulation of heavy metals in plants exposed to industrial wastewater, and their effects on growth and metabolism of plants need extensive studies for various research purposes. Therefore, the present study was aimed to investigate some of the morphological, anatomical, cytological and biochemical changes during the uptake of some heavy metals present in industrial wastewater samples by E.canadensis.
MATERIAL AND METHODS

Water analysis
Prior to analysis, the water samples were filtered using a Whatman glass microfibre filter (GF/C). Three replicate samples were analysed separately. The samples were analysed using atomic absorption/flame emission spectrophotometer (Shimadzu AA-680) for the purpose of characterising heavy metal element contents. The following elements were measured in the water samples: Cd, Cr, Cu, Fe, Pb, Mn, Ni, Zn, Al. All analyses were done in duplicate.
Plant Cultivation
E. canadensis (Hydrocharitaceae, Liliopsida) were collected from a green house cultivation and the stalks were cut into 15 cm pieces and planted in 40 l glass containers, with a 5 cm thick layer of sand. The plants were precultivated in tap water for 2 weeks and the water was aerated during the cultivation period. Aquaria were spaced 10 cm apart and placed under fluorescent lights in a 16-h-light/8-h-dark cycle. Three control aquaria had no wastewater added and the water temperature was maintained at 20±4 °C. The wastewater samples were taken from two factories; olive oil products factory and dairy products factory during 2009-2010 and renewed every week. Preliminary experiments were done with six different concentrations of each wastewater sample. Based on the results three suitable concentrations for plant growth were chosen for each wastewater sample. The suitable concentrations were 50%, 70% and 100% for milk industry wastewater; 2.5%, 5% and 10% for olive oil industry wastewater. Each plant sample was cut to a constant size of 20 cm and planted in a 5 cm diameter pot filled with sand. Six potted plants were randomly placed in each of 12 aquaria (38 l) filled with ^ The Phytotoxic and Genotoxic Effects of Olive Oil and Milk Industry Wastewater on Elodea canadensis dechlorinated tap water. Each aquarium was then randomly assigned to a wastewater treatment and wastewater samples were renewed every week. Plants were sampled after 4 week exposure to different concentrations of wastewater solutions.
Morphological Experiments
Three morphological traits measured on each plant were: (1) main shoot length; (2) number of lateral shootsincluding the initial lateral shoot which developed from the nodes on the original apical shoot and the other lateral shoots that developed either from the same nodes or from the nodes on the lateral shoots -; (3) cumulated length of lateral roots (initial+secondary).
Anatomical experiments
Fresh hand-cut segments with lengths of 5 mm at different distances behind the shoot were made immediately after the plants were harvested. Then the samples were fixed in a formalin-acetic acid-alcohol (FAA) solution containing 50% ethanol, 4% paraformaldehyde, and 5% glacial acetic acid at 4°C for 24 h. The fixed samples were dehydrated in a graduated solution series (50% ethanol; 80% ethanol, 90% ethanol, 96% ethanol and 100% ethanol; 2:1; ethanol: xylol, 1:1; ethanol: xylol, 1:2; ethanol: xylol, 100% xylol) for 30 min each; the procedure was repeated twice. The samples were then infiltrated with 50% xylol + 50% histowax processing/embedding medium overnight then 100% histowax for 24 h (renewed every two hours during the daytime) at 60°C. Afterwards the samples were embedded in histowax processing/embedding medium in paraflex molds (Leica, Germany). 10 µm thick sections were cut using the RM2125RT rotary microtome (Leica, Germany), floated on a 42°C water-bath for relaxing compression and mounting on the Superfrost Plus microscope slide. Dried sections were de-paraffinised and rehydrated through a graded series. Some of the sections were stained with 0.1% safranin in 50% ethanol for two h and 0.5% methyl green for 30 min [Ruzin, 1999] . After washing and dehydration, the stained sections were permanently mounted. The photographs were taken with an Olympus DP71 camera in binocular microscope.
Cytological Experiments
Cytological response was determined in the root apical meristem of E. canadensis. The root tips were fixed in Carnoy solution (3:1, alcohol: acetic acid) and hydrolysed in 1 N HCl at 60°C for 5-10 min followed by squashing in a 2% orcein stain in 45% acetic acid. Slides were kept in a freezer and examined in a month [Rank and Nielsen, 1994] . The mitotic frequency was determined by examination of 500 cells per slide and calculated as mitotic cells per approximately 2,000 cells. Three replicates were made for each concentration.
Chlorophyll and Carotenoid Contents
The contents of Chl a, Chl b, total Chl a+b and total carotenoids (xanthophylls and carotenes) in the leaves of the plants were determined with a UV-mini 1240 Shimadzu scanning and recording spectrophotometer. Chlorophyll was extracted from leaf tissue samples (approximately 10 mg each) with 80% acetone, the absorbance of the extracts was measured at 470, 646 and 663 nm wavelengths. Chlorophyll and carotenoid concentrations were calculated from the spectrophotometric data using the formula of Lichtenthaler and Wellburn [1983] .
Statistical Analysis
Data were processed by statistical tests using the SPSS 17.0 software package. Analysis of variance of morphological parameters was evaluated by ANOVA. Duncan's multiple range test was used for the evaluation of concentrations of chlorophylls and total carotenoids in E.canadensis grown at different concentrations of wastewater samples.
RESULTS AND DISCUSSION
Wastewater Analysis
Wastewater samples were analysed for Cd, Cr, Cu, Fe, Pb, Mn, Ni, Zn, Al with atomic absorption/flame emission spectrometer with a multi-element standard. The results of analyses are presented in Table 1 . The levels of heavy metals were in the order of Fe>Mn>Zn>Al>Ni> Cr>Cu>Cd>Pb in milk industry wastewater and Zn>Fe>Al>Mn>Cr>Ni>Cu>Cd>Pb in olive oil industry wastewater. 
Growth and Morphology
Both the olive oil and milk industry wastewater treatments significantly (P < 0.001) affected the growth of lateral roots of E. canadensis (Table 2 ). The average main shoot lengths were decreased with increasing olive oil industry wastewater concentrations, but increased with increasing milk industry wastewater concentrations. The average cumulated length of lateral roots decreased with increasing olive oil industry wastewater concentrations and also decreased in only 100% milk industry wastewater concentration. The average cumulated length of lateral shoots increased in both of the wastewater concentrations. The morphology of the plants was also significantly affected by the treatments (Figure 1 ). In all treatments with olive oil wastewater, the plants produced significantly smaller leaves with shorter stems and roots when compared to the control group (Figure 1 a-d) and with milk industry wastewater, the stem and leaves became necrotic and necrosis decreased with wastewater concentration (Figure 1 eg). The plants produced fewer roots per stem when exposed to different concentrations of olive oil wastewater (Table 2) , and especially the length of shoots was affected significantly by the treatment as they were only a third of the length in the control (Figure 1 a-d) .
Anatomical Findings
The vegetative anatomy of E. canadensis reflects the plant's morphological simplicity. The stem consists of a single epidermal layer, a cortex consisting of parenchymatous and aerenchymatous tissues, and a simple stele with a central protoxylem lacuna. In control groups epidermal cells and cortex cells were regular and large intercellular air spaces in aerenchyma were well developed (Figure 2a) . However, some of the epidermal (Figure 2b) . Some of the cortex cells became thickerwalled ( Figure 2c ) and deformations were observed in cortex cells and epidermal cells in 100% milk industry wastewater (Figure 2d ).
The leaves of E. canadensis consist of only two cell layers, stomata are absent and there is only a thin cuticle. Moreover, there are no distinct strengthening tissues in the stem, and only 2-3 rows of sclerenchymatous cells along the leaf margins. Some of the cells at the leaf's edge are specialised into toughened spines (Figure 3b ). Deformations and necrosis were observed in leaf cells and spines in 100% milk industry wastewater ( Figure  3a) . The plasma membranes detached from the cell walls in some of the leaf cells as the cells shrank in 50% milk industry wastewater (Figure 3c ). The number and size of the chloroplasts decreased in 10% olive oil industry wastewater (Figure 3d ).
Cytological Findings
Cytological investigations were made using Olympus BX51 compound binocular microscobe. The effects of different concentrations of olive oil and milk industry wastewater on; a. mitotic frequency percentage, b. the percentages of mitotic phases, c. the abnormality percentages and d. the kind of abnormalities in mitosis, were determined. Data on the intensity of the mitotic activity in the root tips and on the frequency of mitotic/ chromosomal irregularities after the treatment are given in Figure 4 , Tables 3 and 4.
The Effect of Different Wastewater Concentrations on Mitotic Frequency Percentage
The effect of different wastewater concentrations on mitotic frequency percentage was evaluated by counting 1000 cells from the prepared slides. The olive oil wastewater dilutions generated a negative effect on mitosis ( Figure 5a ); mitotic index was 5.85% in the control group and decreased respectively to 4.63%, 3.92% and 3.89% in 2.5%, 5% and 10% concentrations. It was determined that milk industry wastewater dilutions generated a positive effect on mitosis ( Figure 5b) ; mitotic index was 5.85% in the control group and increased respectively to 5.94%, 6.38% and 6.53% in 50%, 70% and 100% concentrations.
The Abnormalities Caused by Different Concentrations of Wastewater in E. Canadensis
There was no significant abnormality observed in mitotic divisions of the control group. The abnormalities observed in the root tip cells of E.canadensis grown in different concentrations of olive oil were picnotic and (Figure 7e ) and laggard chromosome in metaphase (Figure 7f ). The most common aberrations in milk industry wastewater samples were c-mitosis and laggard chromosomes, whereas in olive oil industry wastewater samples polarity and sticky chromosomes were the most common. 
The Phytotoxic and Genotoxic Effects of Olive Oil and Milk Industry Wastewater on Elodea canadensis
Chlorophyll and Total Carotenoids
The contents of chlorophylls in the plants were significantly affected by olive oil industry wastewater and decreased from 16.97 total Chl a+b in the control to 3.38 for plants grown at %10 olive oil industry wastewater and 10.14 for plants grown at %100 milk industry wastewater. Chlorophyll contents and total carotenoids in E.canadensis grown at different concentrations of olive oil industry wastewater can be seen in Table 5 and milk industry wastewater can be seen in Table 6 . The contents of total carotenoids in the plants were not significantly different among treatments of milk industry wastewater but were slightly different among treatments of olive oil industry wastewater.
E.canadensis, similar to other aquatic macrophytes, concentrate elements and integrates temporal fluctuations in water chemistry and is therefore more useful for monitoring purposes compared to chemical analysis of water and sediments [Jones, 1985] . A variety of bioassays has been used to demonstrate the mutagenic activity of industrial effluents and surface waters [Zegura et al., 2009] . In this study, toxic effects of industrial wastewater were evaluated by analysing root and shoot growth, anatomy and morphology of E. canadensis. Cyto-and genotoxicity were estimated by observing cytological parameters such as the mitotic index and the number of chromosome abnormalities, including c-mitosis, laggards, chromosome breaks, anaphase bridges and stickiness. Biochemical parameters such as chlorophyll and total carotenoids were also determined to evaluate the toxicity of the two industrial wastewater samples of olive oil and milk industries. Both of the water samples that we diluted before use were phytotoxic and genotoxic. The strongest phytotoxic and genotoxic effects in the ^ morphology, anatomy and root meristem cells of E. canadensis were induced by olive oil wastewater. The most likely reason for the high phytotoxicity and genotoxicity of this industrial wastewater sample is the complex assortment and amount of the chemicals produced in the factory, the release of which is not controlled by limited targeted chemical analyses.
The chemical contents in which E. canadensis grew significantly affected the plant sizes. The reduction in cell sizes in various plant organs may be due to arrested growth under stressed conditions as olive oil wastewater contains heavy metals and other toxic materials. The visible symptoms of toxicity that appeared in treated plants were stunted growth and chlorosis, which started from lower margins of leaves towards the base then turned necrotic at a severe stage. However, these symptoms were not visible in plants cultivated in diluted milk industry wastewater (50 and 70%). The retardation in growth and development of toxicity symptoms in plants could be attributed due to high uptake of heavy metals and their accumulation in plant parts [Pandey, 2006] . Unlike other pollutants, heavy metals are difficult to degrade, but can accumulate throughout the food chain, producing potential human health risks and ecological disturbances. Their presence in water is due to discharges from residential dwellings, groundwater infiltration and industrial discharges. Cadmium is reported to be strongly phytotoxic, disturb enzyme activities and inhibit the DNA-mediated transformation in microorganisms [Akpor and Muchie, 2010] . Excess iron can result in toxicity, especially in altering chromatin structure, protein synthesis, enzyme activity, photosynthesis and respiration [Olaleye et al., 2001] . Wastewater treatment even led to a reduction in the thickness of the lateral roots of E. canadensis. These results suggested that wastewater discharge may induce and/or destroy the barrier in lateral roots, depending on the concentration of wastewater [Pi et al., 2010] and also results suggested that wastewater discharge not only changed the morphology in the lateral root of E.canadensis, but also the root's anatomical features were modified to adapt the chemical elements in the wastewater. Data are shown as mean±confidence interval of three replicates. Different letter superscripts in the same columns indicate significant differences between treatments (P<0.02).
The Phytotoxic and Genotoxic Effects of Olive Oil and Milk Industry Wastewater on Elodea canadensis
We observed growth reduction mostly in all dilutions of olive oil industry wastewater and chlorosis of green organs in dilutions of milk industry wastewater. These phenotypical responses can be the result of multiple toxic actions of the metals, as can be argued from studies carried out on different plants and focused on distinct physiological events [Vecchia et al., 2005] . In our experiments some of the leaf cells were shrunk because of the movement of water out of the cells and there was a loss of turgor pressure. It was also seen in cytological findings in root apical meristematic cells of E.canadensis treated with milk industry wastewater. Similarly, after NaCl treatment Salvinia natans (L.) produced smaller and thicker leaves and had shorter stems and roots, probably imposed by the osmotic stress and lowered turgor pressure restricting cell expansion [Jampeetong and Brix, 2009 ].
The milk industry wastewater was considerably less toxic but its inhibitory effect was also relatively strong. Mitotic activity decreased to 34% of that in the control solution and mitotic aberrations increased to 19% of the mitotically active cells. The irregularities included various symptoms of mitotic spindle aberrations but also chromosomal fragments and bridges were observed. These anomalies were probably caused by Al, Fe and Zn, which were present in the milk industry wastewater in relatively high concentrations. Their ability to produce similar toxic and mutagenic effects was observed in various organisms. Interaction of toxic metals can affect growth, biomass and photosynthesis of plants, such as Al and Cd in barley [Guo et al., 2004] and soybean [Shamsi et al., 2008] , Cd and As in Solanum nigrum [Sun et al., 2008] , Al and Mn in soybean [Yang et al., 2009] , and Cd and Cr in Dalbergia sissoo [Shah et al., 2008] . Combined stress of Cr and Al, caused reduction in growth and photosynthetic parameters in barley [Ali et al., 2011] . Both of the wastewater samples we used were mitodepressive and this effect was dose-dependent except at very high concentrations of olive oil wastewater samples (above 15% and the undiluted sample), where there were no mitoses due to the complete phytotoxic effects. In addition, the wastewater samples induced significant chromosome aberrations. Thus, there was good correlation between the macroscopic and microscopic parameters. However, the types of chromosome aberrations varied somewhat with the concentration of the sample. We observed mostly cmitosis, laggard chromosome, polyploidy, stickiness, polarity and chromosomal bridges in both of the wastewater samples. In milk industry wastewater samples, c-mitosis and laggard chromosomes were the most common aberrations, whereas in olive oil industry wastewater samples polarity and sticky chromosomes were the most common. Similar observations have been made by other workers for other environmental chemicals, where c-mitosis is regarded as indicative of a weak toxic effect, which may be reversible, laggard chromosomes, a weak c-mitotic effect indicating risk of aneuploidy, while sticky chromosomes indicate a highly toxic, irreversible effect, probably leading to cell death [Odeigah et al., 1997] . This probably accounts for why there were no mitoses above 15% concentration and no root growth in the undiluted sample of olive oil industry wastewater. C-mitosis effects are caused by several types of compounds, such as colchicine [Levan, 1938] , organic mercury compounds [Fiskesjo, 1969] , and after treatment with growth-stimulating compounds such as naphthaleneacetic acid and indolylbutyric acid [Levan, 1939] , 2-4-D, and 2-4-5-T [Croer, 1953] . The amount of Fe, Zn and Al were higher in both of the wastewater samples that we had analysed. The major symptom of Al toxicity is a rapid inhibition of root growth and this has become a widely accepted measure of A1 stress in plants [Kochian, 1995] . Chlorophyll concentrations were significantly affected by the olive oil industry wastewater while they were slightly affected by milk industry wastewater. Cd and Cu accumulation in Lemna trisulca resulted in considerable physiological changes [Prasad et al., 2001] . It is also reported that Cu treatment resulted in a significant loss in chlorophyll content [Devi and Prasad, 1998 ]. However, standard targeted chemical analyses are rather inadequate for evaluating the toxic and genotoxic potential of the complex mixtures found in wastewaters. These standard analyses do not provide information about the biological effects of micropollutants that occur in concentrations too low to be determined analytically [Jain et al., 2007] . Therefore, the screening provided valuable information about the presence of genotoxic and/or mutagenic substances in wastewaters by demonstrating the potential of such substances to induce chromosomal aberrations in E. canadensis root cells. This study showed the usefulness of combining physicochemical analysis with cytogenetic methods to better understand the toxicity of chemical pollutants and their influence on health.
In conclusion olive oil wastewater was more effective than milk industry wastewater although it was diluted much more than the milk industry wastewater. Our experiment has shown that the wastewater samples tested could be dangerous to the environment without appropriate dilution and also that they could cause pronounced adverse effects on living organisms. A positive correlation between genotoxic potential and chemical analysis, at least to some extent, was observed. However, such a strong toxic effect demonstrated by most of the water samples can hardly be explained by the relatively low chemical levels measured in the study. It is more likely that these effects are caused by substances not identified by the typical chemical analysis performed as a part of water quality monitoring. Therefore, this demonstrates that the effects of chemical interactions and the influence of complex matrices on toxicity cannot be determined from chemical tests alone. Submerged macrophytes provide crucial habitat for other organisms, such as attached algae, invertebrates and fish [Li et al., 2008] ; as primary producers, macrophytes are an important component of the energy and material dynamics in lake ecosystems. Owing to the high sensitivity and ecological significance of aquatic macrophytes, a greater emphasis should be placed on evaluating aquatic phytotoxicity in future ecotoxicological research.
